the loss of a domestic pet was first reported in 1977. [3] When the bond between humans and animals is 5 strong, grief can be profound and the process of mourning can take a long time. It has been reported that 6 more than 85 % of pet owners showed grief symptoms following the death of a companion animal, and 7 over one third of pet owners continued to grieve after 6 months.
[4] According to a cross-sectional survey 8 in Canada, 27 % of pet owners experienced severe grief after the death of a companion animal.
[5] Most 9 reports on pet loss and bereavement have focused on individuals, but it is important to focus on family 10 systems to determine how family members and social support affect owners' recovery from pet loss. [6] 11
The roles and responsibilities of family members of patients with cancer are significant because 12 families are required to support and care for the patient and deal with social problems. Therefore, in many 13 cases family members feel a great burden. A survey of families of patients with leukemia found that 14 depression, measured by the Center for Epidemiologic Studies Depression Scale (CES-D), was higher 15 than the healthy level. [7] Another study of families of cancer patients found that physical symptoms,
16
anxiety and insomnia, social activity disorders, and depression tendency, measured by the General Health
17
Questionnaire Mental Health Survey, were also above the healthy level. 
22
reported that the most common cause of death in dogs was cancer.[12-14] Therefore, there is a high 23 likelihood that pet owners will at some point receive a diagnosis of cancer in their pets. However, no 24 study has investigated whether pet owners experience depression or anxiety after such a diagnosis. Our 25 hypothesis is that owners of a dog or a cat diagnosed with cancer suffer depression and anxiety similar to 26 that experienced by the family members of human cancer patients. Therefore, it is important to clarify the 27 presence of anxiety and depression in pet owners after a diagnosis of cancer in their pets.
28
The aim of this study was to examine the psychological effects of owners being notified of a cancer 29 diagnosis in their pets. We focused on the psychological state of pet owners when a dog or a cat was 
Study design and Setting 2
The study design was a cross-sectional survey. Anxiety and depression symptoms were evaluated in 
15

Participants 16
Owners of pets with cancer
17
Pet owners were asked to participate in the study 1-3 weeks after they received a notification of cancer 18 at the JSACC. Cases in which the pet was unlikely to survive for more than a week were excluded. The 19 date for recruiting participants was scheduled in advance and the participants were consecutively 20 recruited on the survey day.
21
Owners of healthy pets
22
Pet owners who visited the Minamino Veterinary Clinic or Aster Animal Hospital for preventive 23 medicines such as vaccination, heartworm prevention, or health promotion were asked to participate in 24 the study. Owners whose dog or cat had suffered from malignant tumors in the past or were currently 25 suffering from severe illness including malignant tumor were excluded. The participants were 26 intermittently recruited at both veterinary clinics.
28
Both groups were targeted at owners over 20 years old. 
10
Anxiety was assessed using the Japanese version of the State-Trait Anxiety Inventory-Form JYZ
11
(STAI-JYZ). [17] The STAI is a self-report questionnaire that measures anxiety as an emotional state 
23
experience with pets were obtained from a self-report questionnaire for all participants. The owners of 24 pets with cancer were also asked about the pet's prognosis (curable, survival for more than a year, from a 25 few months to less than a year, or several weeks), and presence of symptoms (anorexia, pain, and 26 neurological conditions including convulsion and respiratory distress).
28
Study size 29
Based on the hypothesis that pet owners have high levels of depression and state anxiety after receiving 30 a diagnosis of cancer in their pets, the number of participants required was calculated in advance.
31
Assuming state anxiety scores of 50 and 40 for owners of pets with cancer and owners with healthy pets, 32 respectively, both each with a standard deviation of 11, we calculated the number of participants required 
17
expectancy from a few months to less than a year, or several weeks), presence of clinical symptoms, and 18 factors that had a P value of less than 0.2 in model 1.
19
P values of < 0.05 were considered to be statistically significant.
20
CES-D questionnaires that contained more than five items with missing data were excluded from the 21 data analysis. If the number of unanswered items was four items or less, the average value of the 22 answered items was assigned.
23
Missing responses to the 20 questions used to calculate the state-anxiety score in the STAI 24 questionnaire were dealt with in two ways: (1) the questionnaire was excluded from the data analysis; and
25
(2) missing responses were assigned a score of 1 (low anxiety) for owners of pets with cancer and 4 (high 26 anxiety) for owners of healthy pets. The two groups were compared using both methods.
27
All statistical analyses were performed using STATA/SE version 13. [20] 28 29
Ethical considerations 30
The research protocol was approved by the ethics committee of the Jikei University School of
31
Medicine. YN and AN informed the owners of pets with cancer of the purpose and methods of the study 32 and assured them that their privacy would be protected and that they would not be disadvantaged if they 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 
24
respectively. The distribution of the two groups was significantly different (Wilcoxon rank-sum test: p < 25 0.001). In addition, 39.8 % (39/98) of the cancer group scored 16 or higher on the CES-D, which was 26 significantly higher than the proportion in the healthy group (11.7 % [11/94], Fisher's exact test: p < 27 0.001). In the multiple regression analysis (model 1-CESD), CES-D scores were significantly higher in 28 the cancer group even after adjustment for potential confounders (p < 0.001, Table 2 ). Among the cancer 29 group, owners who were employed had significantly higher depression scores than those who were 30 unemployed (model 2-CESD) (p < 0.048, Table 3 ). 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   F  o  r  p  e  e  r  r  e  v  i  e  w  o  n  l  y   10   1   2 
7
In the multiple regression model, after adjustment for potential confounders including trait-anxiety 8 scores, state-anxiety scores were significantly higher in the cancer group (model 1-STAI) (p < 0.001, 9 The present study revealed high levels of anxiety and depression among pet owners after receiving a 13 diagnosis of cancer in their pets. In addition, owners who were employed tended to be more depressed 14 than those who were unemployed, and state anxiety was higher in owners with high trait anxiety and in
15
owners of pets with a poor prognosis. This is the first report investigating association between 16 psychological effects on pet owners and a diagnosis of cancer in their pets.
17
After being notified that their dog or cat had cancer, 39.8% of owners reported possible symptoms of 18 depression. Two previous studies that investigated depression among family members of cancer patients 19 using the CES-D found that 52.9% and 66.4% of families reported symptoms of depression,
20
respectively. [21, 22] Although pet owners were less likely to suffer depression than the family members 21 of cancer patients, almost 40% were affected, which supports the hypothesis that dogs and cats are treated 22 as members of the family.
23
Owners who were employed were more likely to report depression symptoms than those who were 24 unemployed, possibly because they had insufficient time to care for their pets and take them to a 25 veterinary clinic. Furthermore, a previous study reported that the median CES-D score of owners of pets 26 with chronic or terminal diseases was 19.87,[23] which was higher than the median of 13.34 in this study,
27
which was measured 1-3 weeks after the notification of cancer. Owners' depression may be sustained or 28 increased by the need to provide long-term nursing care for their pets. Therefore, psychosocial support 29 from the early stage after notification is necessary so that these owners do not develop maladjustment or 30 mood disorder.
31
The median state-anxiety score among owners of pets with cancer was 52, which was significantly 32 higher than the median of 33.5 among owners of healthy pets. Studies that have used the STAI to measure 33 
6
In this study, anxiety was higher among owners who had a pet with a poor prognosis; i.e., with a life 
18
The results of our study indicate that companion animals are regarded as an important member of the 
28
A limitation of this study is that it was conducted at a referral veterinary medical center specialized in 29 oncology in an urban area. Therefore, we cannot rule out the possibility that originally enthusiastic 30 owners and owners with a tendency toward depression and high trait anxiety were more likely to visit the 31 referral veterinary medical center. In addition, because a screening test for depression was used in this 32 study, it was uncertain whether the participants had developed an actual mental disorder. The progression 33 notification of a cancer diagnosis should also be evaluated.
6
Conclusion 7
Our findings indicate that some owners tended to become depressed and anxious after receiving a 8 diagnosis of cancer in their pets. In particular, owners who were employed had a higher rate of depression 9 than those who were unemployed, and state anxiety was higher in owners with high trait anxiety and in 10 those whose pets had a poor prognosis. Physicians may find it helpful to include pets in the family 11 genogram and to consider the pets' health condition when providing medical treatment in family practice.
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Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their precision (eg, 95% confidence interval). Make clear which confounders were adjusted for and why they were included 9, 10, 11, 12 4 Design Cross-sectional study.
5 Setting A veterinary medical center specialized in oncology for dogs and cats and two primary veterinary 6 clinics in Japan.
7 Participants The participants for analysis were 99 owners of a pet with cancer diagnosis received in the past 8 1-3 weeks and 94 owners of a healthy pet.
9 Main outcome measures Self-reported questionnaires were used to assess depression and anxiety.
10 Depression was assessed using the Center of Epidemiologic Studies Depression Scale, and anxiety was measured 11 by using the State-Trait Anxiety Inventory-Form JYZ.
12 Results Depression scores were significantly higher in owners of a pet with cancer than owners of a healthy pet, 13 even after adjustment for potential confounders (p < 0.001). Within the owners of a pet with cancer, depression 14 was significantly more common in those who were employed than those who were unemployed (p = 0.048). State 15 anxiety scores were significantly higher in owners of a pet with cancer than owners of a healthy pet, even after 16 adjustment for potential confounders, including trait-anxiety scores (p < 0.001). Furthermore, in owners of a pet 17 with cancer, state anxiety was higher in owners with high trait anxiety (p < 0.001) and in owners whose pets had 18 a poor prognosis (p = 0.027). 3  This study is the interdisciplinary research between medicine and veterinary medicine, which has not been 4 studied to date.
5  The study setting was limited to a referral secondary veterinary medical center specialized in oncology, so 6 the generalizability of the results is not clear. 29 some point receive a diagnosis of cancer in their pets. However, no study has investigated whether pet owners 30 experience depression or anxiety after such a diagnosis.
31
The aim of this study was to examine the psychological effects of a cancer diagnosis in pets on pet owners. We 32 therefore investigated the presence of anxiety and depression after diagnosis and explored their predictors. Our 
4 Material and Methods
Study design and Setting
6
The study design was a cross-sectional survey. Anxiety and depression scores in owners of a pet diagnosed 7 with cancer were compared with those of owners of a healthy pet. The survey was conducted between August 
22
Pet owners were asked to participate in the study 1-3 weeks after their pets had received a cancer diagnosis at 23 the JSACC. As a procedure, we set in advance the survey date when the counselor/veterinarian (AN) or 24 veterinarian (YN) could investigate without hindrance for daily veterinary practice depending upon the number of 25 patients reserved, which was limited to consultation days in oncology service. Owners of a pet with cancer were 26 consecutively recruited on the survey date. YN and AN informed the owners of a pet with cancer of the purpose 27 and methods of the study and assured them that their privacy would be protected and that they would not be 28 disadvantaged if they did not agree to participate. Those who agreed to participate provided signed consent.
29 Questionnaires were completed by the pet owners and collected in an envelope. All personal information was 30 anonymized and questionnaires were labeled with an identification code. The attending veterinarian predicted the survival time, and, for ethical reasons, cases in which the pet was 2 unlikely to survive for more than a week were excluded. Namely, we considered it too invasive for owners 3 notified of imminent death of their pets to be asked to participate.
5 Owners of a healthy pet
6
Pet owners who visited the Minamino Veterinary Clinic or Aster Animal Hospital for preventive medicines 7 such as vaccination, heartworm prevention, or health promotion were asked to participate in the study on days 8 when the survey could be conducted. The participants were intermittently recruited at both veterinary clinics as a 9 convenient sample. Pet owners that agreed to take part in the survey were provided with details of the research in 10 a written document. Completion of the questionnaire was considered as consent to participate in the study.
11 Questionnaires were collected in an envelope in the same way as for owners of a pet with cancer.
12
Owners whose dog or cat had suffered from malignant tumor in the past or were currently suffering from 13 malignant tumor were excluded. We also excluded owners whose pet had a disease that was deemed to be severe 14 or life threatening by the attending veterinarian, which could have affected the psychological state of pet owners.
16
In both groups, pet owners were over 20 years old. 
27
CES-D questionnaires that contained more than five items with missing data were excluded from the data 28 analysis. If the number of unanswered items was four items or less, the average value of the answered items was 29 assigned to the missing items. 15 scores in owners of a pet with cancer, the regression model included pet's prognosis (life expectancy from a few 16 months to less than a year, or several weeks), presence of clinical symptoms, and factors that had a P-value of 17 less than 0.2 in model 1.
31 Main Outcome: State Anxiety
18
A P-value of < 0.05 was considered to be statistically significant. All statistical analyses were performed using 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 
Participants 3
The questionnaires from 100 owners of a pet with cancer and 100 owners of a healthy pet were obtained. One 4 owner of a pet with cancer was excluded for analysis due to missing data of some demographic variables. Six 5 owners of a healthy pet were excluded for analysis due to the presence of past cancer history of pet (n=2), no 6 information on past cancer history of pet (n=2), no response to CES-D/STAI (n=1), or exclusion criteria of age 7 (n=1, we asked the mother to respond to questionnaires: however, her son responded). Data from a total of 193 8 participants were analyzed (99 owners of a pet with cancer and 94 owners of a healthy pet). The participants'
9 characteristics are shown in Table 1 . Except for the number of animals per household, there were no significant 10 differences between the two groups in demographic variables as shown in Table 1 . The median period between 11 notification of the cancer diagnosis and completion of the questionnaire survey in the owners of a pet with cancer 12 was 14 days (range, 7-21 days).
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28
The state-anxiety and trait-anxiety scores of the two groups are shown in Figures 2A and 2B . For the cases in 29 which all 20 questions for state anxiety were answered, the median state-anxiety score was 52 (25-75 percentile:
30 43-59) in the owners of a pet with cancer (n = 93) and 33 (25-75 percentile: 27-42) in the owners of a healthy 31 pet (n = 91). The distribution of the two groups was significantly different (Wilcoxon rank-sum test: p < 0.001).
32
The proportion of owners with levels of high anxiety in the owners of a pet with cancer was 39.8 % (37/93),
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3 in the owners of a pet with cancer (n = 98), which was significantly higher than 33.5 (25-75 percentile: 27-42) in 4 the owners of a healthy pet (n = 92) (p < 0.001). The median trait-anxiety score was 45 (25-75 percentile: 37-5 52.5) in the owners of a pet with cancer (n = 96) and 34.5 (25-75 percentile: 27-42) in the owners of a healthy 6 pet (n = 90). The distribution of the two groups was significantly different (p < 0.001).
7
In the multiple regression model, after adjustment for potential confounders including trait-anxiety scores,
8 state-anxiety scores were significantly higher in the owners of a pet with cancer than in owners of a healthy pet 9 (model 1-STAI) (p < 0.001, Table 4 ). Furthermore, in the owners of a pet with cancer, state-anxiety scores were 10 higher in owners with high trait anxiety (p < 0.001) and in those with pets with a life expectancy of several 11 months (model 2-STAI) (p = 0.027, Table 5 ).
12
13 The present study revealed high levels of anxiety and depression among owners of pets that had received a 9 diagnosis of cancer. Within the owners of a pet with cancer, depression was significantly more common in those 10 who were employed than those who were unemployed. The state anxiety was higher in owners with high trait 11 anxiety and in owners of a pet with a poor prognosis. This is the first report to investigate the psychological 12 effects of pet cancer on their owners.
13
After being notified that their dog or cat had cancer, 39.8% of owners reported symptoms of depression. Two 14 previous studies that investigated depression among family members of cancer patients using the CES-D found 15 that 52.9 % and 66. 
26
The median state-anxiety score among owners of a pet with cancer was 52, which was significantly higher than 27 the median of 33.5 among owners of a healthy pet. Studies that have used the STAI to measure anxiety in parents 28 of children diagnosed with cancer reported average state-anxiety scores of 56.7 and 52.7 for mothers and fathers, 29 respectively.
[33] The similarity in the state-anxiety scores of owners of a pet with cancer suggests that dogs and 30 cats may play a role as a member of the family. The high anxiety in owners of a pet with cancer could have been 31 caused by the cost of treatment, the burden of taking the pet to the clinic, providing nursing care, anxiety about 32 death of a pet, and deterioration of clinical symptoms such as changes in the pet's appearance or increased pain. In this study, anxiety was higher among owners who had a pet with a poor prognosis; i.e., with a life 2 expectancy from several weeks to less than a year, which suggests that anxiety increases as the prospect of 3 bereavement becomes more immediate. Furthermore, owners with high trait anxiety were more likely to suffer 4 from state anxiety than owners with low trait anxiety. A previous study revealed that cancer patients with high 5 trait anxiety experience stronger psychological distress such as tension and anxiety after a diagnosis of cancer 6 than patients with low trait anxiety.
[34] Therefore, trait anxiety may be one factor that affects the state anxiety of 7 owners when their pets are diagnosed with cancer. Moreover, trait anxiety scores in owners of a pet with cancer 8 were significantly higher than those in owners of a healthy pet (45 vs. 34.5, p < 0.001). Although trait anxiety, a 9 personality trait that tends to cause anxiety, is relatively stable, the high trait anxiety seen in owners of a pet with 10 cancer may have been caused by the state anxiety induced by their pet's cancer diagnosis.
11
The results of our study are consistent with the idea that companion animals are regarded as important family 12 members, as found by previous studies [3, 4, 35] because there is similarity between the degree of anxiety after 26 who see a patient with depressive and/or anxiety feelings as the first encounter. Also, this is an important 27 message for veterinarians because they should pay more attention to tell the bad news more carefully and 28 consider the impact on pet owners.
29
One limitation of this study is the generalizability of results because the study setting was limited to a referral 30 secondary veterinary medical center specialized in oncology in an urban area. Therefore, we cannot rule out the 31 possibility that originally enthusiastic owners and owners with a tendency toward depression and high trait 32 anxiety were more likely to visit the referral veterinary medical center. The proportion of pet owners with 6 was used in this study, it was uncertain whether the participants had developed an actual mental disorder. The 7 progression of depression and anxiety over the long term is also unknown, as the investigation took place 1-3 8 weeks after notification of the diagnosis. The detailed processes that cause depression and anxiety may be 9 elucidated by investigating depression and anxiety in owners of a pet diagnosed with cancer at primary veterinary 10 clinics and monitoring them over time. Interventions such as counselling for pet owners after notification of a 11 cancer diagnosis should also be considered.
12
13 Conclusion
14
Our findings indicate that some owners tended to become depressed and anxious after their pets had received a 15 diagnosis of cancer. Owners who were employed had a higher rate of depression than those who were 16 unemployed, and state anxiety was higher in owners with high trait anxiety and in those whose pets had a poor 17 prognosis. Physicians may find it helpful to include pets in the family genogram and to consider the pets' health 18 condition when providing medical treatment in family practice.
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